In this study, cellulase pre-treated mercerized cotton (EMC) fabrics were treated with citric acid (CA), butane tetra carboxylic acid (BTCA) and nano TiO 2 (NTO) to produce fabric with enhanced cross-linking, self-cleaning, and antibacterial properties. However treatment of EMC fabrics with NTO/CA/BTCA has not been reported. The NTO particles were stabilized on the cotton surface using CA/BTCA cross-linking agents. In order to create optimum dry crease recovery angle (DCRA), self-cleaning based on (ΔE‫)٭‬ and bacteria reduction against Gram-positive and Gram-negative bacteria, the appropriate models were obtained based on Design of Expert software. The roles of CA, BTCA and NTO concentrations in cross-linking, self-cleaning, and antibacterial properties of the EMC fabric were investigated using response surface methodology (RSM). Overall, the cellulase pre-treatment of the mercerized cotton fabrics improved the antibacterial activity against Staphylococcus aureus and Escherichia coli bacteria, and also enhanced DCRA and self-cleaning properties significantly as compared with control samples. Also, reflectance spectra analyses (200-400 nm) and Scanning Electron Microscopy (SEM) were employed to confirm the NTO particles on the EMC fabric surface.
INTRODUCTION
In recent years, significant interest has been expanded for the utilization of nano particles due to their unique and considerable properties. This is because of creating of muti-functional characteristics on textile fabrics. The properties imparted to textiles using nano-technology include water repellence, soil resistance, anti-microbial [1] , anti-static and UVprotection [2] , wrinkle resistance, flame retardation, decrease of photo yellowing [3] , self-cleaning of cellulosic [4] [5] [6] , protein [7] and synthetic [8] fibers. Using nano TiO 2 as photo catalyst in the presence of maleic anhydride (MA) as cross linker for improving crease recovery properties of silk fabrics has been reported [9] . Chyung-chyung Wang and his colleagues have reported the application of four different carboxylic acids, namely, BTCA, MA, CA and succinic acid (SUA) as cross-linking agents to treat cotton fabrics in the presence of NTO as catalyst under UV irradiation and electronic field [10] [11] . The effects of NTO particles on the concurrent crosslinking and anti-microbial finishing of various cotton fabrics were presented in our reports [12] [13] . Later, in 2010, the optimization of dry crease recovery angle (DCRA) of bleached cotton with poly carboxylic acids/SHP/NTO using CCD approach was demonstrated in our recent work [14] .
The property of self-cleaning contributes to the decomposition of the organic substances existed on the nano particle surfaces. Self-cleaning of modified cotton by NTO at low temperature shows that bleached and mercerized cottons can be activated by RF-plasma, MW-plasma, and UV-irradiation incorporating negatively charged groups to anchor NTO on the fabric surface. This process is promising for the total removal of stains containing persistent color pigments on the cotton fabrics [15] [16] [17] . Also, the self-cleaning optimization of cationized cotton with NTO and BTCA stabilizing agent was presented in our previous work [18] , and the effect of cationization pre-treatment on cotton self-cleaning was studied. http://www.jeffjournal.org Volume 8 
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TiO 2 has been attended more than other kind of nano particles, because of its chemical durability, antibacterial, availability, non-poisoning, and optical properties [19] [20] [21] [22] [23] [24] . When UV rays (λ< 388 nm) irradiate to TiO 2 , an electron from the valence band exited on the conduction band create pairs of negative electrons (e¯) and positive holes (h + ) [25] [26] [27] . The construction of efficient species such as OH° has much activity for materials oxidation, organic pollutions and microorganism deactivation [28] . M. Montazer and his colleagues [29] reported the photo induced silver on NTO/CA to improve antibacterial properties on wool fabrics. They revealed that the increase of CA lead to the improvement of Ag/TiO 2 adsorption on the wool fabric surface and enhancement of antibacterial activity.
The multifunctional properties of poly carboxylic acids, such as high accessibility and environmentfriendliness, lead to their utilization on the textile surfaces [30] [31] . The cross-linking [32] , antibacterial activity [33] , and the finishing of anti-microbial and cross-linking [34] at the same time are among these usages. BTCA showed excellent multifunctional characteristics as enhancing the adsorption and stability of NTO particles on the surface [35] [36] . This caused the effective increase of NTO particles efficiency of characteristics such as hydrophilicity, self-cleaning and UV protection [37] .
The enhanced cross-linking, self-cleaning and antibacterial features of cellulase pre-treated mercerized cotton fabric were explored in the presence of CA/BTCA/NTO nanocomposite under UV-Temp curing method in the present study. Crosslinking, self-cleaning and antibacterial activity were optimized based on dry crease recovery angle (DCRA), color difference (ΔE‫)٭‬ and bacteria reduction of Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria, respectively. The influence of the pretreatment, the concentration of cross-linking agent (CA and BTCA) and NTO particles based on the results were investigated using response surface methodology (RSM). Consequently, the best treatment conditions for optimizing the cross-linking, self-cleaning, antibacterial characteristics of the EMC samples were demonstrated.
MATERIALS AND METHODS
BTCA, sodium hydroxide, sodium hypophosphite (SHP), methylene blue (C.I. Basic Blue 9, Scheme 1) and tryptic soy agar culture medium were prepared from Merck Chemical Co., Germany. Acid cellulase enzyme (Rucolase ZEL) and non-ionic detergent (Rucogen DEN) composed of fatty alcohol ethoxylate were purchased from Rudolf Chemie Co., (Tehran, Iran). Nano titanium dioxide was employed as the photo catalyst with the anatase crystalline structure and average particle size of 21 nm from Degussa Chemie Co., Duisburg, Germany. Escherichia coli (ATCC 11303) and Staphylococcus aureus (ATCC 1112) were adapted as pathogenic bacteria. The desized and scoured plain weave 100% cotton fabric was used with wrap density 32 yarn/cm, weft density 30 yarn/cm and fabric weight of 118 g/m 2 . SCHEME 1. Structure of methylene blue.
Instrument
Finishing compounds were prepared and dispersed using an ultrasonic bath (200V, 50W, 40 KHz). Thermal oven was used to dry and cure the samples. The cured samples were exposed to the UV-A irradiation of an HPA 400S lamp (400 W, Philips, Belgium). Reflectance spectra were recorded at the UV region (200-400nm) using a UV/VIS spectrophotometer (CARRY 500 scan, Varian, Australia). UV-C irradiation (30W, Philips, Holland) was used to increase the efficiency of antibacterial activity. Scanning electron microscopic (SEM) observations on specimens of treated fabrics were carried out using a KYKY-EM3200 electron microscope (China).
Mercerization
The mercerization process was done with 28 °Baume sodium hydroxide (based on weight of bath: o.w.b), Temp=15 °C and soaking time of 33 second. Then, in order to eliminate the alkaline condition, the mercerized fabrics were washed at 80°C for 15 min, and finally dried at room temperature.
Cellulase Pre-Treatment
The enzymatic treatments were carried out with 2% acid cellulase (based on weight of fabric: o.w.f), pH=5, Temp=55 °C and liquor ratio = 30:1 for 30 min. Next, the fabrics were maintained for 15 min at a temperature of 70 °C and a pH = 9.5, in order to The cellulase pre-treated mercerized cotton (EMC) fabrics were padded with 100% wet pick-up using freshly prepared aqueous solutions and dried at 75°C for 3 min followed by curing condition of 170°C for 4 min and 15 min under UV-A irradiation (UVTemp). Then, the finished samples were washed at 70°C for 20 min with 2 g/L Na 2 CO 3 and 1 g/L nonionic detergent (Rucogen DEN), and finally dried at room temperature. The processes of treatment of mercerized-enzymatic cotton (MEC) samples are shown in Scheme 2.
Dry and wet crease recovery angle of warp (w) plus filling (f) of the treated cotton fabrics were evaluated using AATCC test method 66-2003. Specimens were prepared in 40×15 mm swatches and 500±5 g of weight loaded on the folded specimens for five min ±5 s [13] . The recorded vertical angle guidelines were aligned and the recovery angles were measured. MB photo degradation was conducted through discoloration analysis of dye stains after exposing to UV-A radiation for 40 min.
The treated samples were placed on the flat surface and then one drop of Basic Blue 9 (1 %) was dripped vertically on the surface using burette (50 ml), form 1 cm above the fabric. The color stains on the sample surface were created with approximate diameter of 2.20 cm. The dye stained samples were then dried in ambient temperature.
Before and after UV-A irradiation, Δa‫,٭‬ Δb‫,٭‬ ΔL‫,٭‬ and ΔE‫٭‬ of stained samples were measured using reflectance spectrophotometer. On the basis of measured CIE color coordinates, total color difference (ΔE*) was determined by Eq. (1): (1) Where ΔL‫٭‬ is the color lightness difference; Δa‫٭‬ is red/green difference and Δb‫٭‬ is yellow/blue difference. Hence, ΔE‫٭‬ of treated cottons under UV-A irradiation were calculated and the degree of selfcleaning for different samples were compared.
Two pathogenic microorganisms including Escherichia coli (E.coli) as Gram-negative and Staphylococcus aureus (S.aureus) as Gram-positive bacteria were tested using AATCC 100-2004 test method. In this method, treated samples were placed adjacent to the bacteria suspension and exposed to (UV-C) irradiation for 30 min and then incubated for 24 h. The number of viable bacteria was colonies on the agar plate which were counted before and after CA/BTCA /NTO treatment and the results were reported as percentages of bacteria reduction according to Eq. (2). (2) where (A) and (B) are the numbers of bacteria colonies recovered from the untreated and the treated ME cotton samples respectively after inoculation and (R) is the reduction percentage of bacteria colonies [38] .
R (%) = 100 (A-B) / A

The Experimental Design
The central composite design was utilized for experimental plan with three variables. These variables were: CA (1.00-5.00 %), BTCA (1.00-5.00 %) and NTO (0.10-2.50 %). Details of the treatment design with CA/BTCA/NTO were presented in Table  I . 
RESULTS AND DISCUSSIONS Cross-Linking, Self-Cleaning and Antibacterial Properties
The results of our research on the effect of the NTO, CA and BTCA poly carboxylic acid concentration on the DCRA of mercerized-enzymatic cotton (MEC) samples treated under UV-Temp curing were summarized in Table I . The findings show that DCRA values increase by increasing the concentration of CA and BTCA cross-linking agents. The higher values of DCRA are more clearly similar to the previous studies [13] [14] where CA and BTCA have been investigated separately. The mercerization and cellulase pre-treatment could generate the hydroxyl functional groups more than conventional functional groups. This leads to the more accessibility of OH groups than the carboxylic groups. Consequently, more ester linkages were formed between BTCA and CA with cellulose polymeric chains. As suggested by Welch, using high temperature causes the formation of intermediate anhydride cycles and ester linkages [39] . The other reason could be attributed to the effect of BTCA and CA synergism that result in increasing of cross-linking in the cotton molecular chains. Also, due to UV-Temp curing method in this study both cross-linking mechanisms of cotton fabric occurred based on UV [11] and Temp [41] . The details of the mentioned mechanisms were reported in our previous study [13] .
Furthermore, cross-linking of MEC samples with CA and BTCA are effectively promoted by NTO and SHP (Scheme 3). Also it is shown that CA and BTCA cross-linking agents were used to stabilize the nanoparticles on the fabric surface and increase NTO absorption. There is an ionic interaction between carboxylate anionic groups related to poly carboxylic acid and NTO cation. This kind of interaction has been previously reported [17] .
The values of total color differences (ΔE‫)٭‬ of mercerized-enzymatic cotton fabrics treated with CA, BTCA and NTO were illustrated and compared in Table I . These results confirm the increase of ΔE‫٭‬ by increasing CA and BTCA concentration. Also, increase of NTO concentration leads to the increase of ΔE‫.٭‬ The mercerized-enzymatic samples demonstrate the appropriate color differences because these fabric surfaces were prepared to attract a higher amount of the NTO particles. It could be observed that the ΔE‫٭‬ values of MEC samples have been improved compared with the previous study [18] . This could be attributed to the mercerization and enzymatic pre-treatment of modified cotton compared with raw cotton sample and/or the modification of NTO with other compound in the finishing bath involving CA, BTCA and SHP. The attachment of NTO to the cotton surface is naturally electrostatic. This means that the charges of the NTO and the cotton surface were positive and negative respectively. Also, reactions between BTCA and CA with hydroxyl groups of cotton introduce more carboxylic acids to cotton surface; hence leads to the ionic attraction of NTO. Because of having four and three functional groups, CA and BTCA are strong cross-linking agents that could assist the absorption of more NTO on the cotton surface. However, these results confirm that some chemical species generated on the NTO surface could transfer to the Methylene Blue and cause dye photo degradation. No comprehensive mechanism of the degradation of Methylene Blue photo is still established; however, Tatsuma et al suggested two possible mechanisms for the discoloration of MB; namely, reversible reduction of MB to the leuco form and irreversible oxygenation or decomposition of MB [42] . Meanwhile, as a result of oxidation of MB, O º and OHº liberated from the surface of oxides including TiO 2 by the photonstimulated desorption could also be responsible for the bleaching [42] . The designed experiments in Table I show the reduction percentages of E.coli and S.aureus bacteria of the mercerized-enzymatic cotton samples with various concentrations of CA, BTCA, SHP and NTO under UV-Temp curing method. Increasing of CA and BTCA concentration decreased considerably both types of bacteria. This could be due to the presence of more carboxylic groups of CA and BTCA that leads to the more absorption of NTO particles on the fabric surface via electrostatic attraction. Also increasing of NTO concentration caused the increase of antibacterial property.
The highest bacteria reduction was 99.89% for E.coli (Figure 2a) and 97.76% for S.aureus (Figure 2b ) of EMC sample treated with 2.50 % NTO, 5.00 % CA, 5.00 % BTCA, and 6.00 % SHP. Thus S.aureus exhibited a little more resistance than E.coli. The major difference of these two bacteria relates to their cellular wall and peptidoglycan thickness as it is more for Gram-positive bacteria which showed a relative higher resistance against antibacterial agents. Killing bacteria by antibacterial agents could be obtained by the demolition of bacteria membrane, the spatial deformation, deformation of bacteria enzyme, and the chromosome damage [43] . The CA and BTCA accompanying with NTO particles had a completing effect and presented a considerable reduction in E.coli Gram-negative and S.aueus Grampositive bacteria. 
Statistical Analysis
This study was conducted based on response surface methodology (RSM) and central composite design (CCD). In total, 28 experimental CCD designed runs were conducted according to Table I . In this model the influences of independent variables including CA, BTCA and NTO concentrations on response surfaces were assessed. This explained cross-linking, selfcleaning and antimicrobial properties of cellulase pre-treated mercerized cotton samples. Based on the results of the relations between surface responses and independent factors several mathematical models were obtained whose related responses were a function of its independent variables.
Statistical models related to the cross-linking, selfcleaning and antibacterial activity against E. coli and S. aureus of the EMC fabrics were presented in Eqs.
(3-6) respectively:
Response surfaces were drawn via achieved statistical models (Eqs. (3-6) ), and the relation between each independent variables and accordingly the cross-linking, self-cleaning and antibacterial activity against E. coli and S. aureus of the MEC fabrics were found. Therefore, the response surfaces http://www.jeffjournal.org Volume 8, Issue 4 -2013 of cellulase pre-treated mercerized samples were proposed in Figures 2-5 respectively. Figure 2 , Figure 3 , Figure 4 and Figure 5 showed the response surfaces of the model for the characteristics of crosslinking, self-cleaning, and antibacterial activity against E. coli and S. aureus of the EMC fabrics respectively. By using the Design of Expert software the optimum condition for the characteristics of cross-linking, selfcleaning and antibacterial activity against E. coli and S. aureus of the EMC fabrics are shown in Table II The lack of fit describes the variation of data around the fitted model. If the model does not fit the data well, this will not be significant [44] [45] The fit of the model could be evaluated through Rsquared coefficients. The results of Table III and  Table IV indicates that the only 1.07% and 16.15% of total variables for models of cross-linking and selfcleaning respectively of treated EMC samples cannot be explained by these models [46, 47] . Therefore, Rsquared of models of antibacterial activity against E. coli and S. aureus bacteria could not explain 7.89% and 3.28% of total variables of the models of mercerized-enzymatic cotton samples respectively ( Table V and Table VI) . A lower value of coefficient of variation (CV %) shows that conducted experiments are precise and reliable especially for the cross-linking model of EMC samples (CV = 0.53%) which indicates a good precision and reliability of the experiments [46, 47] . Figure 6 illustrates the reflectance curves related to treated EMC fabrics with CA, BTCA, and NTO under UV-Temp curing method in the ultra-violet region (200-400nm). Sample a is related to the cellulase pre-treated mercerize cotton fabric. In samples b, c, d, and d the reflectance decreased confirming the presence of NTO particles on modified cotton surfaces. These particles are effectively able to absorb wavelengths less than 358 nm. In sample b, containing 5.00 (%) CA, 5.00 (%) BTCA, and 2.50 (%) NTO a lowest reflectance is observed in 320-340 nm compared with other samples. This is because of CA, BTCA cross-linking agents utilized stabilization of the nanoparticles on the modified cotton surface and increasing of NTO absorption. Consequently, the higher possibility of contact between UV wavelength and NTO particles was occurred. http://www.jeffjournal.org Volume 8, Issue 4 -2013 Figure 7 (a-d) demonstrates the SEM images of control mercerized-enzymatic cotton (a), sample Run: 7 (b), sample Run: 27 (c), and sample Run: 8 (d) (magnification=5000×). The pre-treatment process leads to the change in the surface of cotton fabric after mercerizing and enzymatic hydrolysis modification (Figure 7-a) . The removal of the surface layers from the EMC fibers increases the roughness of the surface. The formation of nanocomposite containing NTO could be obviously seen on the modified cotton surfaces treated with CA or BTCA and NTO (Figure 7 b-d) . These images showed the more NTO loading on the modified sample Run:8 than samples Run:7, and Run: 27. This could be related to the higher concentrations of NTO particles, CA or BTCA carboxylic acid groups on the cotton surface of the treated sample Run: 8. However, the SEM images of EMC samples were more uniform than the SEM images of our previous study (should be clearly mentioned) [13, 18] . This could be justified by the effect of mercerizing and cellulase pre-treatment on cotton samples compared with raw cotton sample. 
Reflectance Analysis
SEM Images
CONCLUSION
This study aimed to modify the cotton surface to enhance the NTO adsorption and stabilize them on the fabric surface by using CA/BTCA as a crosslinking agent to produce a fabric with enhanced concurrent cross-linking, self-cleaning and antibacterial properties. Statistical analysis by Design of Expert indicated that the modified sample shows significantly the optimum DCRA (260.1), ΔE‫٭‬ (28.22), reduction more than 97.70% and 99.90% of S. aureus and E. coli bacteria, respectively. However, CA or BTCA along with NTO under UV-Temp curing had synergism effects with enhanced crosslinking, self-cleaning and antibacterial activities.
